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INTRODUCTION 
A handful of soil taken from almost anywhere in the world 
will reveal elongate, thread like active animals. These tiin 
organisms are nematodes. Many of them would be visible wilhout 
magnification, but most of them can be seen only with a good 
magnifying lens or a microscope. 
The name nematode is derived from the Greek word; thread 
They are elongate, tubular organisms, somewhat spindle shape In 
the year 1857-plant pathologist Kuhn described an eelworm that 
causes stunting growth of teasel, a plant whose fruits were used to 
comb wool. After this, several successful elaboration of different 
nematodes that cause diseases in plants were carried out. In the 
next few decades serious study of phytoparasitic nematodes and ot 
the diseases with these tiny organisms associated was under taken 
These nematodes cause extreme damages to crops world wide. In 
early 19 century researchers and Government agencies noticed 
that phytonematodes were causing huge losses to agnciilture 
After that, scientific studies and observation was undertaken 
throughout the globe. 
The crop loss is defined as the difference between the 
attainable yield and actual yield. (Chiarappa, 1971) The 
knowledge of crop losses is an important aspect for establishinu 
research, extension and budget priorities. In the cases where the 
crop losses are not spectacular, the control depend upon the 
population density of the nematode taxa present, susceptibility of 
the crop, and the environmental conditions viz., fertility, moisture 
and presence of other pathogenic organisms in soil which ma\ 
interact with the nematodes. 
On the worldwide basis the average annual loss of all the 
crops has been estimated to be about 10% especially when the 
indirect effects of nematodes are considered, (Sasser. 1989). This 
information is based upon various reports of: 
(I) European Society of Nematologists (ESN), 
(II) Organization of Tropical American Nematologists 
(OTAN) 
(III) Society of Nematologists (SON) and others. 
The estimated annual losses due to nematodes in USA was of 
the order of $1,038,374,300 in 16 field crops. $225,145,900 in 2? 
fruit and nut crops, $266,984,100 in vegetable crops and S 
59,817,634 in ornamental crops (Feldmesser e/ al., 1971). The 
yearly losses estimated by the USDA in 16 crops amount to S 
372,335,000 (Taylor, 1997). 
Estimated losses for egg plant and tomato was 16.9°b and 
20.6% respectively (Sasser, 1989). On an average the losses 
calculated for economically important crops was 14.0% 
Srivastava (1969) reported 75% loss of eggplant and tomato 
due to the root-knot nematodes. Gour (1973) found yield reduction 
of 20.75%) in tomato, 17-81% m egg plant and 8-82%) in mungbean 
depending upon the inoculum level on M. incognita. Bhatti and 
Jain (1977) and Jain and Bhatti (1978), estimated a loss of 9 9 0 . 
46.2 and 27.3 percent in okra and tomato infested with Af. 
incognita. Readdy (1985) pointed out that the crop losses to 
tomato due to M. incognita were reduced by 3 9.77% at a 
population of 20 larvae per gram of soil. The infestation level of 
root-knot nematode alone has been reported upto 82.5% on tomato 
and okra. Sen (1950), from Sabour reported a loss of 70% iii 
chillies, brinjal, tomato and okra due to root-knot nematodes 
Owing to the critical statistical data the losses caused by 
nematodes, directly or indirectly, it become clear in the mind of 
the reader that these tiny creatures, i.e. nematodes, cause such 
extreme avoidable damages. 
Plant nematology is now flourishing throughout the globe 
There are centers of work in Africa, Australia, Europe, India. 
Japan and Northern America. Nematodes are taking a recognized 
place, among the more familiar bacteria, fungi and insects, as 
important pests of plants. They are also recognized as part of the 
soil fauna, which must be studied to understand the ecology of 
soil 
Soil ecology is needed to describe the factors affecting 
nematode distribution and survival, as well as population changes 
Plant parasitic nematodes, constituting a substantial portion of soil 
biota, are cosmopolitan. They attack a large number of crops and 
are now firmly recognized as potentially serious constraints to 
crop productivity. They put forward some of the most difficult 
pest problems encountered in the agricultural economy by wa\ of 
incurring enormous losses to crops (Good, 1968; Feldmesser ei ai. 
1971. Van Berkum and Seshadri, 1970; Krishnappa. 1985). 
Due to the losses incurred by these plant parasitic nematodes 
the aspect of controlling them has gain momentum. Traditionally 
nematodes are controlled by several methods, as in case of other 
parasitic agencies viz. biological, chemical, cultural and physical 
methods. 
Physical factors include steam sterilization of soil and hot 
water treatment of sick plant materials etc. This kind of nematode 
control is not practical for large-scale infestations. 
Among nematicidal chemicals, fumigants (eg. alkyl halides), 
carbamates and organophosphates have been widely used in 
nematode control (Peachy, 1965; Smart, 1969; VanGundy and 
Mckenery. 1977; VanBerkum and Hoestra, 1979 and Wright. 
1981). Indian farmers are mostly illiterate and believe \n 
traditional agriculture and do not readily accept the use of 
nematicidal chemicals to combat the nematode menace. Though it 
is a fact that nematidicides are sure and constant control measures 
Main limitations of the use of nematicidal chemicals are that the\ 
are generally costly and aren't easily available besides ha\ing 
inherent difficulties in there handling. They have ill effects on soil 
biosphere, hazardous in nature and are source of pollution 
Therefore, there use, particularly in Indian conditions do not seem 
to be very practical. 
Biological methods include incorporation of microorganism 
into the soil that may be predacious or parasitic on nematodes 
(Sayre, 1971 and 1980; Mankau. 1980). This method again, can 
not be used in fields on large scale. 
Nematodes can be controlled up to a greater extent bv land 
management and cultural practices such as fallowing, flooding. 
ploughing, prevention of spread, selection of healthy propagating 
materials, crop rotation etc. 
Here it would be worth mentioning that plant parasitic 
nematodes are not isolated organisms but are influenced by the 
factors affecting the niche of the habitat. Many of these factors 
have been exploited for managing the population of noxious 
nematodes. The present investigation is also aimed to study the 
effects of different edaphic factors on the population of the plant 
parasitic nematodes in relation to their management. 
Edaphic factor is a collective term that includes almost 
every factor or virtue of soil, which exert its effect on the 
development, sustaining power and flourishing of nematode 
population. Some important edaphic factors are: 
(!) Soil structure 
(ii) Soil reaction 
(iii) Soil moisture 
(iv) Soil temperature and seasonal cycles. 
(v) Soil Biota etc. 
Soil structure 
Different workers performed different experiments for the 
authenticity of the effect of soil structure on nematode population. 
Southey (1956) performed a sur\ey in England and Wales and 
found that Heterodera avenae was present in higher percentage in 
coarse textured soil than m fine textured soil. Robbins and Barker 
(1974) noted that the population of Belonalaimus longicaudaius 
increased in the soil with a minimum quantity of 80% sand and a 
maximum of 10% clay. Other workers also reported the population 
of Pratylenchus penetrans increased with an increase in .sand 
content of the soil upto 40%) and 50%. Likewise it has been 
established that the textural composition of soil as well as other 
unidentified soil factors have a determinant effect on nematode 
population. (Upadhyay el ai, 1972. Prasad and Rao, 1980). 
Soil reaction (Hydrogen Ion Concentration-p ) 
There is good evidence of correlation between p and 
nematode numbers. Morgan and Maclean (1968), for examples, 
stated that Pratylenchus penetrans maintain itself over the p 
spectrum of most agricultural soils (p" 5.1 to 6.5) but thrives best 
at p" 5.5 to 5.8; above p" 6.6 there is a rapid decline in numbers 
Burns (1971) grew soybeans for two months in non-sterilized slit 
loam amended to p"s of 4.0, 6.0 and 8.0. The greatest numbers of 
Pratylenchus alleni occurred in soybean plants at p 6.0. The lo\\ 
numbers at p" 4.0 were associated with high levels of potassium. 
manganese and phenols in the soybean plants and in addition a 
thick suberized outerlayer developed on roots. There is evidence 
that p" may be inhibitory below 5.0 and above 8.0 (Wallace. 
1966). 
Although soil p and plant growths are correlated, there are 
good indications that the relationship is indirect. Thus the harmful 
effects of soil p are shortage of available calcium and phosphate 
or excess of soluble alluminium, manganese and other metallic 
ions. 
Soil moisture 
Among all the interacting factors that effect the condition of 
a soil, water is the one, which is most directly related to 
nematodes. 
Measuring the moisture of different soils is really a difficult 
task. A simple determination of the total quantity of water present 
in a sample can be made by weighing the soil before and after 
heating it to evaporate the water but this information is not useful 
in itself because the behavior of soil water and its effect on 
nematodes depends on the soil porosity. Coarse sandy soil losses 
water easily and may reach dry condition in a day or two of hot, 
dry weather. But a clay loam retains water more tenaciously A 
day or two of hot, dry weather will not be sufficient to dry out this 
soil significantly. 
Soil water exerts force against the surfaces of the solids. The 
amount of this force (hydrostatic pressure) changes dramatically 
as a soil dries; this change is important for nematodes. Hydrostatic 
pressure below atmospheric pressure is called suction. The amount 
of suction effects the ability of nematodes to move. It also 
regulates the size of pores that retain films of water and are. 
therefore, available for entry and it effects the nematodes internal 
body fluids. As suction increases nematodes begin to lose water 
through their body wall. They coil up into spirals and remains 
motionless to survive drying. Soil water suction, rather than the 
total amount of water, is the important characteristic by which we 
may compare soil moisture. 
Workers like Daulton and Nusbaum (1962) found out that 
20.4% soil moisture reduced the egg viability of Mcloic/ogvne 
javanica. Likewise, Siddiqui el al. (1973) reported that 
25-30% soil moisture reduced the multiplication of 
Tylenchorhynchus brassicae. Griffin (1977) pointed out that 80% 
soil moisture significantly reduced the population of Heterodera 
sachactii. 
In general, nematodes find the best condition at relatively 
high levels of soil moisture. Pore smaller than about 12tim is too 
narrow for most of the nematodes. Wallace (1966) has studied 
nematodes in artificial soil (sand or glass beads) at various 
suctions. The best conditions for movement for attraction to plants 
and for hatching from egg exist in a soil when the moisture 
characteristic of that soil is just at point of infection, where the 
soil begins to resist increased suctions. 
Soil temperature and seasonal cycle 
These two factors are very interrelated and are some time 
taken as one. The soil temperature varies in field conditions 
according to the season or weather. Conditions in the soil change 
as the season advances. Moisture contents, temperature, abundance 
of growing roots etc. all proceed in their cycle through the year 
The nematode population also responds to changing conditions 
The distribution of population of Meloidogyne spp. and Xiphinema 
americanum in an irrigated California vineyard has been mapped 
throughout the year in relation to the position of the vines and the 
depth in the soil. In the summer, eggs and larvae of Meloidogyne 
spp. are at a low level until late August when eggs accumulated 
rapidly in the soil. At this time the soil is dry since rain is scare 
and irrigation is normally withheld to permit the grapes to increase 
their sugar content. Eggs do not hatch until irrigation is applied 
after harvest m September. This leads to an increased larval 
population. Both eggs and larvae survive the winter. The .soil 
warms up in rhe spring and a new group of eggs produced leading 
again to a subsequent increase of larvae which then invade the 
rootlets that emerge in April and May. Throughout the summer. 
the soil population remains at a low level. Xiphinema americanum 
population increases dramatically in autumn, remains high over 
winter, and decline during February to a steady low level in spring 
and summer. 
In 1939, Grooshevoy, who used the term "Solar energy for 
soil disinfections", controlled Theilaviopsis basicola upon 
heating the soil by exposure to direct sunlight (Grooshevoy, 
1939). 
Soil solarization is a soil disinfestation method, first 
described by Katan et al., in 1976, for controlling soil borne 
pathogens and weeds, mostly as a preplanting soil treatment It 
was achieved by covering (mulching, tarping) the soil with 
transparent polyethylene sheet during the hot season, there by 
heating it and killing the pest. This method basically aims to 
eradicate or reduce the inoculum existing in the soil. By this 
method we can achieve an economic reduction and lower disease 
incidence at least for one season (Katan, 1981). Ismail et a!. 
(1997), observed that soil solarization with 80 or 160|j.m 
transparent or black polyethylene sheets significantly reduce the 
soil and root population of Tylenchulus semipenelrans. This 
technique has been used as an alternative management tool in 
managing nematode species (Heald and Robinson 1987. 
Stapleton et al. 1987, Dhingra and Gaur 1994). 
In brief we can conclude that the seasonal variation (which 
is very much attributed to the intensity and luminosity of sunlight) 
and soil temperature have got far reaching effect on the 
phytonematodes, thus ultimately regulating the severity, of 
nematode infestation. 
Soil Texture 
Soil texture refers to the relative proportions of different 
sized particles in soil. Following table lists soil constituents 
arranged in the order of decreasing size. 
Table: Specific surface of soil fractions 
Soil fraction Diameter (mm) Specific surface (m^/g) 
Colloidal clay 0.0002-0.00002 0-600 
Coarse clay 0.002-0.0002 1.5-10 
Silt 0.05-0.002 0.06-1 
Sand 2-0.5 0.0015-0.006 
Source : Adapted from Kohn Ke. 1968 
Small particles have a greater ratio of surface to mass than 
large particles consequently a cubic centimeter of fine soil has 
many times the surface of a cubic centimeter of sandy soil. Both 
nematodes and plant roots are in intimate contact with surfaces 
The properties of soils to a large extent are the properties of the 
surface of the soil particles. Soil texture is usually determined b> 
sieving and by suspension in fluid. Particle size is measured by the 
rate at which the various fractions of the soil settle out of 
solution. 
Light soils are generally more favourable to large population 
of nematodes. Probably, because aeration is usually more adequate 
in soils with large particles than in heavy clay soils. In addition, 
water usually drains readily from light soils, so that plants may 
suffer intermittent drought and consequently they are more readily 
damaged by nematodes than plants with adequate moisture. 
Soil Biota 
Many other organisms share the soil environment with 
nematodes, bacteria, protozoa and algae are present especially in 
the upper most layer. Plant roots push their way between particles 
to absorb water and minerals for translocation to upper parts. Each 
root release many highly organized molecules such as sugars, 
amino acids and organic acids into the soil. Consequently the 
region immediately adjacent to a root is a source of nutrition for 
soil organisms. Bacteria and fungi as well as nematodes are 
present in high concentration in this region. 
Nematodes are mainly consumers of bacteria, fungi, and 
algae and of each other. Plant parasitic nematodes are usually a 
small part of the soil fauna, but in certain cases they reproduce to 
high population and we see the resultant plant diseases. 
After this elaborate introduction, we are now in a position to 
understand that what sort of effect one or all the edaphic factor 
may exert on the population of phytonematodes. Our main 
objective was to manage the nematodes with the help of edaphic 
factors in collaboration of different nematotoxic applications. This 
combination is hypothesized to develop a cheap and easih 
available control measure, which may be helpful to manage the 
plant parasitic nematodes for better crop production. Efforts were 
made to develop an eco-friendly method for management of 
nematodes. Therefore, the present study has been carried out to 
investigate the effect of some edaphic factors in combinations of 
some nemato-toxic agents on the population of plant parasitic 
nematodes. Pointwise, these objectives are as follows. 
Effect of soil moisture on the efficacy of oil seed cakes 
leaves of Neem in combination with some chemicals against 
the population of reniform nematode, Rotylenchulus 
reniformis and plant growth of eggplant cv. 'Pusa Purple 
Long'. 
Effect of soil moisture on the efficacy of oil seed cakes 
leaves of Castor in combination with some chemicals against 
the population of reniform nematode, Rotylenchulus 
reniformis and plant growth of eggplant cv. 'Pusa Purple 
Lonii'. 
The effect of soil solarization together with organic soil 
amendment and ploughing against the population of plant 
parasitic nematodes. 

DESCRIPTION OF HOST 
Solaniim nielogena Linn (Fam. Solanaceae) 
For effective measurement of the effect of edaphic factor a 
host upon which the net outcome is measured, is a pre-requisite. 
For this purpose one seasonal crop-egg plant. Solarium melon^^ciui 
Linn. (Fam. Solanaceae) had been chosen. 
Eggplant IS a herbaceous, prickly or sometimes unarmed 
perennial 0.6-2.4m tall, cultivated throughout India as an annual 
crop for its edible fruits. Leaves ovate, sinuate or robed, flowers 
blue, in small clusters of 2-5, berries large, ellipsoid or elongate 
in various shade of white, yellow or dark purple. 2.5-25m long, 
glabrous, with thick calyx, seed many discoid. 
Brinjal is a warm season crop and is ver\- susceptible to 
frost, late round types being less susceptible to frost than the oiil\ 
long ones. Damping-off of seedlings is caused in nurseries b\ 
Rhizoctonia solani and Pythium aphanidermalom. Several 
fungicides like Cerenox is effective. Blight caused bv 
Myzothercium ruridum is also a serious disease. Phythopihorn 
parasitica, P. palmivora and P. colocariae cause brown water 
soaked patches on stem and fruits. Alternaria tennuis and .4. 
melongena and Curcuspora spp. are the cause of leaf spots in 
brinjal. Spraying the plants with 1% Bordeaux mixture or Fortalen 
controls the disease. Other important diseases are root and foot rot 
{Rhizocionia solani and Pellicularia spp.). The seed treatment 
with Captan gives good results. Seeds from infected fruits should 
be avoided. Destroying the effected plants can control clerotial 
disease. 
Fruits after harvest are subjected to rotting due to infection 
by various fungi like AUernaria wnnuis, Curvularia lunniui. 
Fusarium solani and F. roseum. 
Virus diseases such as brinjal mosaic and mycoplasma 
disease like little leaf of brinjal are common. 
The plant is susceptible to damage by the root-knot 
nematode, (A4eloidogyne javanica Treub. and Chittwood) and 
eelworms {Heterodera spp.), both in the nursery and in the field 
The nematodes cause swelling on the roots. Although such plants 
are not killed, they fail to bear fruits. Fumigation of nematode 
infested soil with fumigants like DD fumigants, ethylene 
dibromide and carbon tetra chloride before planting or sowing can 
prevent the infestation. Some brinjal varieties are resistant to 
nematodes. 
Fresh brinjals are consumed as vegetable. Roasted in hoi 
ashes, mashed and seasoned with salt, onion, chillies, limeiuice or 
curd and mustard oil. They are made into bharta. The brinjals niav 
also be pickled. Sliced fruits are dried in the sun and stored 

REVIEW OF LITERATURE 
A number of workers, throughout the world, have proved. b\ 
their experiments that edaphic factors are one of the most 
important governing factor in the disease cycle. They have got 
immense potentials for the growth and development of pathogens 
like nematodes and on the other hand they are equally important in 
controlling the nematodes. The use of edaphic factors against 
nematodes are very old and till date they are the most important 
factors whose manipulation may give the desired out come i.c the 
controlling of nematodes. 
According to an observation by Lai et al. (1975), incidence 
of plant parasitic nematodes in saline soils of Rajasthan 
particularly root-knot nematodes is generally low. The ionic 
concentration of the solution is known to affect the hatching of 
eggs in Meloidogyne areneria. 
Naganathan and Sivekumar (1975), observed that 
Pralylenchus delattrei multiplies well in black sandy clay loam 
and brown sandy loam having finer fractions, optimum cation 
exchange capacity and water holding capacity than red sand\ 
loam. The nematode was found pathogenic to maize in red and 
brown sandy loam and considerably reduced shoot and root 
weight. Brown to black lesions was caused by the nematode in 
maize roots, with extensive damage to the cortical region A 
positive correlation between initial population level of 1.2 and 4 
nematode /5g of soil and final population existed in red sandy 
loam. 
Some environmental factors like soil temperature and texture 
effects the pathogenicity and population of nematodes. Schilt ei 
al. (1975), studied the relative importance of the effect of soil 
teinperature, soil texture and host species on the increase and the 
pathogenicity of the population of Parairichudorus minor from 
Israel. They noticed that the population increases fastest at 26 C 
followed by 30°C, 22°C and IS^C, approaching the host-specific 
equilibrium density after 90 days. In the presence of a best. 
populations thrived better in sand and sandy loam than m clay, but 
were obviously sensitive to moisture fluctuations. 
Manv workers have explored the effect of soil temperature 
on the population dynamics of nematodes. Bird and Mai (1967) 
found that soil temperature between 15-35 C influenced the 
population densities of Trichodorus chensttei. Lownsbery and 
Maggenti (1963) noted that the population of Xiphnienia 
americanum was high on strawberry and cherry at 2l"C. But the 
population declined at 16 C, 27 C and 32 C. Swarup and Pillai 
(1964) noted that the optimum temperature for hatching oi the 
eggs of Meloidogyne javanica and M. incognita acrita was 2 5 -
30°C. Evans and Fisher (1969) found that the population of 
Diiylenchus myceliophagus increased rapidly at 25**C but the 
increase was slow at 30 , 20 C and 15°C. Siddiqui ei al. (1973) 
reported that the optimum temperature for the reproduction ol 
Tylenchorhynchus brassicae was 30°C. 
Jones and Thomasson (1976), studied nematode population 
and found that designation of the soil type in which the\ occur 
does not define the space available or other soil characteristics 
adequately. Bulk density is a readily determined soil parameter 
Results from, measurements made on 'undisturbed' sample of 
mineral topsoil tend to confirm the theoretical deductions but 
estimates of bulk density, particle size, class and land use together 
improve the predication of usable pore space. 
In an observation, Banyer and Fisher (1976), noted that cysts 
of Heterodera avenae produced on early maturing barley cultivar 
2137, matured sooner, and rate of hatching of freed eggs was 
faster than from those produced on the later maturing barley 
cultivar. Prior, suggesting that time of hatching is related to 
maturity of the host- irrespective of the temperature at which eggs 
were produced. Subsequent hatch was in- complete, and hatching 
extended to a longer period than that taken for egg production 
There was some evidence of an interaction between the 
temperature, at which eggs were produced and the temperature at 
which they were hatched, on the extent of dormancy. 
Hoof (1976), observed that the activity of Trichodorids in 
the soils depends greatly on the moisture content. Greatest act i \ i t \ 
as measured by the bait leaf method was observed in the sand\ soil 
with moisture content of 16.7%. A slight reduction in the moisture 
content caused a disproportionate decrease in the activity. Below 
10% moisture content there was practically no virus infection The 
mobility of the nematodes was not directly observed, but their 
infectivity was measured as an indication of their activity. 
It was found that second stage larvae of Meloidugvnc iiaasi 
could be extracted from soil at all times throughout the year but in 
much greater numbers in spring (Ogunfowora and Evans. 1977) 
Incubation of soil at 20"C for a week prior to extraction or storage 
at 10"C for four weeks before such incubation, increased the 
number of larvae extracted especially between August and April 
Nematodes disappeared from soil between the crops faster than 
from bare- fallow soil. Only one complete generation at A/, naasi 
was possible in a year. 
Ismail and Saxena (1977). noticed that although the 
influence of potassium on the development of MelocJiogvne 
incognita has been studied by Oteifa (1953), Marks and Saver 
(1964) and Davide and Triantaphyllou (1967); information on the 
effect on growth of root-knot nematode is meager. Bird (I960). 
reported that M. javanica grew consistently faster is potassium-
deficient plant. Hence, it was considered desirable to study the 
effect of different potassium levels on the growth of M. inco^mia 
on tomato. 
In the year 1977, Pyrowolakis carried out experiments to 
study the influence of soil temperature on the duration of the life 
cycle of M. javanica. Five host each from a different plant family 
had little effect on the time required for due completion of one life 
cycle at due soil temperature tested. Soil temperature, however, 
plays major part. 
Reversal (1977) measured the rate of oxygen uptake of 
second stage juveniles of Heterodera oryzae relative to osmotic 
pressure, pH, oxygenation, nutrients and temperature using the 
Cartesian diver technique. Osmotic pressure affected the rate of 
oxygen uptake in relation to the nature and the concentration of 
the osmotic agent used. Rate of oxygen uptake was weakly 
affected by PH with in the range of 3-8. Citrate depressed the rate 
of oxygen uptake whereas glucose, fructose and sucrose had no 
effect. The effect of oxygen tension on the rate of oxygen uptake 
demonstrated that this species is oxygen dependent. Post-
anaerobic overshoot occurred after 12 hours and 24 hours of 
anerobiosis. Rate of oxygen uptake increased with temperature 
within the range 20-36"C. 
Soil moisture affected larval emergence and infectivity of 
Meloidogyne naasi (Ogunfowora, 1978). Most larvae emerged in 
soil that was kept at 74% field capacity in a monthly drying cycle 
and least in soil that was flooded constantly. The converse was 
true for the larval invasion test following exposure to these test 
different moisture regimes. A similar phenomenon was observed in 
the flooding and fall experiments where greater larval invasion 
was observed following flooding of the soil then m soil that was 
followed or left to natural weed growth for up to 12 weeks Lipid 
disappeared most rapidly in II"'' stage Meloidogyne naasi larvae 
stored under aerobic conditions. Storage in unstirred distilled 
water at 15°C limited infectivity to 4-8days with concurrent 
reduction in lipid reserves. Some larvae become quiescent under 
anaerobic conditions. In unstirred water many larvae become 
quiescent arid infectivity was lost between 8-16 days, although 
lipid reserves were only partially depleted under these condition 
Abrams and Mitchell (1978), investigated the effect of 
oxygen on the survival and activity of Pelodera punctata (Cabb ) 
P. punctata was maintained in monogenic cultures in which 
Pseudomonas fluorescens was the bacterial food source. When 
nematodes were kept for a week under a reducing and anaerobic 
atmosphere, 28 to 40% of the cultures survived. The effect of PO2 
and PCO2 on activities was determined by sealing the cultures and 
subsequently monitoring the activity and gas concentrations using 
gas chromatography. A PO; of greater than 7000-dyne /cm' (5inni-
Mg) was necessary to sustain activity while PCO2 showed no 
effect at the concentration observed. 
Clarke et al. (1978), observed that when hatched juveniles 
are transferred from distilled water to 0.4M sucrose or fructose 
solution, their water content falls from 72% to 67%, the \alue 
observed for unhatched juveniles in eggs equilibrated with water 
Juveniles move little after 6hr immersion m 0.4M or more 
concentration sugar solution but dilution with water to give a 
sugar concentration <0.1M restores many to active movement 
Few juveniles emerge from cysts in solution of potato root 
diffusate or of an artificial hatching agent (0.4mM Picrolonic acid) 
which contains sucrose at concentration >0.4M. The evidence 
suggests that loss of solutes from the egg fluid permits hatching 
and supports the belief that changes in permeability of the 
eggshell precede other steps in the hatching process. Prolonged 
storage of second stage juveniles is possible in >0.4M solution of 
sugar. 
Marion (1978), studied the effect of temperature on survival 
and multiplication .jrate of three New Zealand population of Potato-
cyst nematodes- CM006, Glohodera rosiochiensis Rol from 
Canterbury- CMOOl, G. Pallida - Pas from Canterbury and FPOOl 
G. Pallida -Pa2 from Pukekohe, under Laboratory conditions 
Temperature ranges for population increases were- 10"C to 
approximately 25°C for G. rosiochiensis, 9'^ to 23°C for G. Pallida 
Pa3 and 8° to 22°C for G. Pallida Pa2. The optimum temperature 
lay between XS'^C and 20"C for all three population, but (/. 
rosiochiensis increased more rapidly over this range than (/ 
Pallida; only below 13-14 did G. Pallida increase more rapidh 
than G. rosiochiensis. The slight but significantly lower 
temperature range of G. Pallida Pa2 and Pas may have been a 
pathotype difference, but could also have been an adaptation of 
that population to repeated winter cropping with potatoes in soil 
temperature of 6''-14°C at Pukekohe. 
It was pointed out by Jones in 1978 that since the females of 
sedentary root endoparasitic nematodes are able to obtain an 
uninterrupted supply of food and water, temperature is tlie factor 
which determines their rate of development in a country like 
British Isles where climatic extremes are not experienced When 
accumulated temperature above an assumed basal development 
temperature of 4.4''C is plotted against time, it closely resembles 
the curves for the development of Heterodera schachiii on 
sugarbeet. Temperature and rainfall influence the activity o\' root 
ectoparasitic nematodes. 
An evaluation experiment in 1985 was conducted by 
Ravichandra and Krishnappa with hot water treatment. Paring. 
neem cake application and phosphamidon, against Radopholus 
similis infesting banana. This experiment was carried out both 
individually and in integration. Hot water treatment and paring of 
the suckers, both individually and in integration with other 
treatments were most effective in reducing the nematode 
population and improving the plant growth. Srivastava and Sethi 
(1985), investigate the emergence of larvae from cysts as 
influenced by temperature and concluded that successful infection 
of a crop with cyst nematodes largely depends upon the 
synchronization of root formation and emergence of larvae from 
the cyst in soil. 
Handa et al. (1985), carried out the estimation of available 
losses in barley due to Heterodera avenae at 12 locations 
representing sandy and sandy loam soils with a range of 4.6 to 
23.1 e/g soil as initial population. Maximum available losses 
recorded were 91.8 and 87.2% for fodder and grains respectively, 
at initial population, damage also increases where as nematode 
multiplication is reduced. The losses varied from Rs. l687 to Rs. 
5911. 
Goodell and Ferris in 1989, examined the influence of soil 
temperature and moisture on hdeloidogyne incognita (Kofoid and 
\\ 'hite) Chittwood was examined in relation to hatching and 
survival of second stage Juveniles (J2). Nematodes were cultured 
on cotton (Gossypium hirsutum L. cv. Acala) under field 
conditions to provide population similar to those found in the field 
in late autumn. Egg masses were placed in a temperature range (9-
12"C and 21"C), and hatching was measured over a period 
equivalent to 20 degree days >10''C (DDIO). Hatch occurred below 
the reported 18"C, activity threshold was restricted below 12"C 
and was inhibited below IC^C. Soil moisture's influence on hatch 
was measured by placing egg masses in Hesperia sandy loam and 
subjecting them to suction pressures ranging from -1.1 bars to -4 5 
bars. Suction potentials of less than -2 bars reduced hatch and 
less than -3 bars inhibited hatch. J2 were placed in sandy loam 
with soil moisture near field capacity, and their motility was 
measured over a period of 500 DD 10. In the absence of a host, 
more than 90% J2 become nonmotile over this period. 
Fagbenle et al. (1989), compared the population 
development of isolates of Heterodera lespedezae from Illinois 
and North Carolina was compared on Korean, Sericea and Striate 
lespedezas and red clovers at soil temperatures varying at 14, 18. 
22. 26, 30, 34"C (+1"C) and in a green house where temperature 
was significantly different between the two isolates. Males of the 
Illinois isolates were recovered from red clover and striate 
lespedeza at 22 and 26"C and at green house temperatures. No 
males of the North Carolina isolates were found on any host. Both 
isolates retarded growth at striate lespedeza but had no effect on 
growth of the other species tested. 
Growth room and field experiments were conducted by Hill 
and Schmitt (1989), to determine the influence of soil temperature 
and soybean phenology on dormancy induction of a North Carolina 
population of Heterodera glycines race 1. Three temperature 
regimes and two photoperiods to regulate plant phenology were 
in\estigated in growth room. H. glycines hatch was greatest from 
the 26" and 22°C (day and night) temperature. Treatment 
intermediate at 22" and 18"C and least from the decreasing regime 
(20° and 22"C, 22 and 18"C, and 18 and 14°C). More eggs hatched 
and greater nematode reproduction occurred on pod-producing 
soybeans than on those that remained vegetative in the field study, 
hatching patterns were not different between depodded and 
naturally senescing soy beans nor between the different maturity 
groups of soybean cultivars (gr. V through VIII). Egg hatch (9- 16 
°/o) was greatest in August and September when mean soil 
temperature was between 25 and 29"C. Hatch declined in vitro and 
was not detectable in the bioassay in November. Greatest 
nematode numbers w^ere observed on the latest maturing cultivar 
(gr. VIII) and fewest on the cultivar, which matured earliest (gr. 
vt. Decreasing temperature appears to be more important than 
so\abean phenology in dormancy induction of//, glycines. 
In the year 1989, Sehgal and Gaur studied the survival o\' the 
second stage juveniles of the citrus nematode, Tylenchulus 
semipenetrans at six levels of moisture stress ranging from 0.2 to 
21.8 bars over a period of 450 days without host. The population 
density declined faster during the initial 90 days than in the 
subsequent period. About 11 to 30% of the initial population, 
depending upon moisture stress would be recovered after 450 days. 
The main effect of moisture stress indicated that maximum 
survival would occur at 3.0 bars. The juveniles survived in 
inactive state. At high moisture stress levels the juveniles survived 
in highly coiled, anhydrobiotic state and could be reactivated 
when place in water for 24hrs and aerated. 
Norton (1989) discussed in an article that a natural 
community of plant parasitic nematodes is usually polyspecific. 
The host plant is the most important driving force in nematode 
population but abiotic factors are important in maintaining the 
steady state nematode communities often separated by abiotic soil 
factors. In any continuos habitat, including crop plants generally 
there is a consistency of the most abundant species, which are 
largely predictable. Data on single species provide little 
information about community patterns. Although certain nematode 
species might be indicators of certain environments, only when we 
discuss such aspects as diversity and ordination do we relate to 
communities irrespective of any interactions among component 
species. Only if plant parasitic nematodes act independently of 
each other do acute ecological studies have variability in 
polyspecific comminutes. 
Jordan el al. (1989), recovered eight endoparasitic nematode 
species from 170 maize root samples in western transval. Republic 
of South Africa. Pratylenchus zeae had the highest average 
population density (17,454/5g roots), followed by P. neglectus 
(5,827/ 5g roots), followed by P. penetrans (5,617/ 5g roots), P. 
brachyunis (3,060/ 5g roots), and Rotylenchulus parvus (64/5g 
roots). The 17 reasonably homogenous forming areas (RHFA) 
surveyed could be ranked on the basis of the incidence of the 
prevalent nematode species. A positive relationship was found 
between the incidence of P. brachyurus and R. purvus and long-
term average annual rainfall. The incidence of P. penetrans and 
the hdeloidogyne spp. was positively related to a combination of 
sand percentage and long term average annual rainfall. 
Robinson and Heald (1989), modified Baermann funnels to 
eliminate or reverse the small temperature gradient (1-2 c cm) 
across the soil layers that normally result from water evaporation 
Effects of modification on extraction efficiency were examined at 
various ambient temperatures and after overnight adaptation of 
three nematode species at 20 and 30°C. Extraction oi Meloidogyne 
incognita from sandy loam, Tylenchulus semipenetrans from sandy 
clay loam and Rolylenchulus renifurmis from silt was greatly 
accelerated simply by covering funnel to prevent evaporation In 
most cases, covering increased the nematode extracted by 10-100 
times after 5.5-48 hours. Faster and more efficient extraction of R. 
renifurmis occurred over a wide range of ambient temperature 
(18-29°C). Effects of ambient temperature and temperature 
gradient direction on Baermann funnel extraction of R. renifurmis 
were partly inconsistent with the behavior oi R. renifurmis in agar 
Nematodes in agar moved towards cold at some ambient 
temperatures and tow'ards heat at other temperatures. They always 
appeared to move towards cold on Baermann funnels. Differences 
were not attributable to blockage of gas exchange by covers. In 
agar and in funnels, the patterns of response to ambient 
temperature were shifted in the direction of the storage 
temperature. 
In the year 1990, Khan and Sharma studied the seasonal 
variation in population densities of the plant parasitic nematodes. 
Tylenchorhynchus mashhoodi, Helicolylenchus dihystera, 
Meluidugyne incognita and Pratylenchus penetrans in the 
rhizosphere of apple trees at Solan for over one year period They 
concluded that the fluctuation in the population densities of H. 
dihyslera and M. Incognita was correlated more \\itli the 
temperature than with soil moisture. 
Das et al. (1990), established the conspicuous correlation 
between some edaphic factors and their role in nematode 
infestation. Though the root-knot nematode disease is ubiquitous 
in West Bengal, the disease seems to turn up more often in the 
mulberry fields of Malda than in other places. This localized 
population pattern of the nematodes favours existence of a close 
tie between some edaphic factors favourable for growth oi 
nematodes with it. 
Khan and Khan (1992), studied the effects of artificially 
created soil salinity levels by addition of Nacl and NaHCO^ in soil 
with respect to penetration and development of root-knot 
nematode, M. javanica in the roots of cucumber and okra. The 
salinity levels impaired penetration of second stage juveniles in 
cucumber and okra roots and development of juveniles into adult 
females. A direct correlation existed between concentration of the 
salts and number of root-ingressed juveniles. Production of egg 
was delayed and their number was significantly reduced. The soil 
salinity levels suppressed plant growth of cucumber and okra. M. 
javanica also caused marked reduction in plant growth. But under 
the soil salinity stresses, the extent of reduction in growth 
parameters caused by the nematode was reduced and consequenth 
the plant growth was comparatively better than those inoculated 
with the nematode alone. The soil salinity impeded nematode 
growth and reproduction, which m turn reduced the harmful 
effects of the nematode on plants. 
Jaehn (1993) studied the influence of temperature upon the 
development of M. incognita, race 2. in Velvet bean {Styzolobium 
aternmiim). The essay consisted of 5 treatments in a completely 
randomized design. The treatments were carried out with four 
constant temperatures (20, 24. 28 and 32"C) inside growth 
incubator chambers and at field temperature coverage of 22 5'C. 
Nematode inoculum consisted of 5000 eggs including few 
juveniles per plant. Evaluation started on the 16*' day after 
inoculation and followed until the 44"' day. The nematode cycle 
was completed is 44, 36, 32, 36 and 40 days at 20, 24, 28, and 
32"C and at field temperature respectively. Only about 2% of the 
inoculated nematodes were recuperated. Life cycle was affected by 
temperature in this unfavourable lost. 
Dwivedi et al. (1993), studied the population dynamics of 
Tylenchus filiformis around root zones of Zizyphus jujuba provides 
evidence of 10-15% soil moisture and 7.4-7.8 hydrogen ion 
concentration of soil being the most suitable edaphic factor for 
nemic abundance. 
Mizukubo and Adachi (1997), observed the reproduction and 
development of Praiylenchus penetrans on genetically transformed 
ladino clones root. Solitary females developing on transformed 
roots in nutrient Gellan gum medium (p" = 5.5) deposited 
1.2,1.5,1.6,1.8 and 2.0 eggs per day at the respective temperatures 
of 17,20,25,27 and 30°C. The number of eggs deposited was highly 
correlated with temperature. A reduction in egg-laying rates at the 
start of hatching was observed at all temperatures. Juvenile 
mortality was higher at 17°C(50.4%), 20°C (50.3%) and 30'C 
(58.4%) than at 25^C (34.6%) and 27°C (37.6%). Life cycle/ egg 
deposition duration was 46,38,28,26 and 22day at the respective 
temperatures. The developmental zero-degrees (^C) and the 
effective accumulative temperatures (degree-days) required for 
hatching female emergence and onset of oviposition (completion 
of one generation) of /'. penetrans were estimated to be 2 7 and 
200, 4.2 and 548 and 5.1 and 564, respectively. P. penetrans 
reproduces over a wide range of temperatures. 
Sydenham el a/.(1997) conducted an experiment to notice the 
effect of temperature on resistance in Phaseolus vuli^ans 
genotypes and on development of Meloidogyne species. Phaseolus 
vulgaris lines w i^th heat-stable resistance to Meloidogyne spp may 
be needed to manage root-knot nematodes in tropical regions. 
Resistance expression before and during the process of nematode 
penetration and development in resistant genotypes were studied at 
pre and post inoculation temperature of 24 C and 24 C and 28"C 
and 24°C and 28 '^C and 28°C. Resistance was affective at all 
temperature, regimes examined, with fewer nematodes in roots of 
a resistant line compared with a susceptible line. Pre inoculation 
temperature did not modify resistance expression to later 
infections by root-knot nematodes. However, post-inoculation 
temperatures effected development of Meloidogyne species in both 
the resistant and susceptible bean lines tested. The more rapid 
development of nematode to adult at the higher post inoculation 
temperature of 28'''C in both bean lines suggests development 
instead of on resistance expression of either of two gene systems 
Also resistance was stable at 30*^0 and 32''C. 
Gaur and Sehgal (1996) observed that the mortality, loss of 
infectivity and slowing of development of the root- knot nematode 
M. incognita were positively correlated to the rate of moisture loss 
from soil. The rate of drying was regulated by two technique viz. 
air drying of soil layers 3-9cm thickness in shade at room 
temperature, or by keeping the soil at relative humidity varying 
from to 60 to 100 percent in the surrounding air both for a period 
upto 45 days. With increase in moisture tension to 25.5-5 15 bar in 
9-3cm thick layers there was 62-85 percent mortalitx of M. 
incognita (5-2) during 45 days as against only 54 percent mortality 
in sealed soil with 2.94 are section in the soil stored at 100-60% 
R.H the juvenile mortality during 45 days increased from 75 to 
92% with the moisture tension increasing from 0.01 to 17.6 bars 
the infectivity of surviving A/, incognita h on green gram I'lgna 
radiata Cv. Pusa-105 root decreased from 48 percent of fresh 
population to 38,35.36 and 33 percent in sealed 9,6 and 3cm thick 
soil layers, respectively. There was a delay of 2-4 days in the 
onset of oviposition in case of population surviving m 3cm soil 
layers after 45 days. These findings reveal that inducing taster 
drying of field soil may help significantly reducing the population 
densities of nematodes and the range to the subsequently giown 
crop. 
Leij ei.al. (1992). reported that optimal growth and 
sporulation of Verticilliuni chlamydosporium on agar occurred at 
32°C and 22"C, respectively. Differences in the number of colony 
forming units isolated from the root surface tomato plants grown 
at different temperatures reflected the rate of hyphal growth on 
agar. However, the numbers of colony forming units in soil at 
different temperature was related to the effects of temperature on 
sporulation in vitro: the fungus was most abundant in soil at 22'C. 
which was the optimal temperature for sporulation. After one 
nematode generation the most extensixe root colonization occurred 
at 20°C followed by 25 and 30''C. As a result, egg masses exposed 
on the root surface were most extensively colonized at 20"C 
followed by 25"C and 30"C. Total egg and juvenile counts showed 
that greatest control of Meloidogyne was achieved at 25"C (C 
90%), while control of 20 and 3 0 T was usually 60-70% The 
lower level of control by V. chlamydospurium at 20°C may result 
from a reduced proportion of nematode eggmasses exposed on the 
root surface at the temperature eggs of M. arenaria, M. mco^niia 
and M. javanica were equally susceptible to parasitism by V. 
chlamydospornim. Of these three spices M. arenana induced large 
galls and formed large eggmasses while M. incognita and M. 
javanica induced small galls and formed small egg masses at 20^'C. 
The end result was that control with V.chlamydosponum was 
approx. the same for the three nematodes species. 
Griffin el a!. (1996), studied the effects of environmental 
conditions and population trends of plant- parasite nematodes in 
experimental plots of five wheat grasses in the western Utah 
reserve in a 3-year field study. Soil water and temperature effected 
the population trends of the ectoparasites. Tylenchorhynchus 
acutoides and Xiphmema amencanum, and the migratory and 
parasites Praiylenchus neglectus on fairway crested wheat grasses, 
Pascopyrom smuhii; 'oahe' intermediate wheat grasses. 
Thinopyrum intermedium; and Rs-1 hybrid Eelytngia repens and 
Pseudoroegneria spicata. The largest soil populations of these 
nematode populations occurred in 1985 and 1986, possible because 
of low soil-water conditions. There was a positive relationship 
between high soil water and maximum population densities of 7 
acutoides in the spring and fall of 1984, and between low soil 
water and minimum population densities of the nematode 1985 and 
1986. Pratylenchus neglectus populations were effected by soil 
water. 
Viaene et al. (1998), isolated the fungi associated with egg 
masses and juveniles of Meloidogyne hapla from organic soil 
samples obtained from five fields planted to lettuce. After 4 
months eggmasses and juveniles were surface-disinfected, plated 
on water agar and examined for fungal infection. Depending on the 
soil sample fungal isolates was recovered from 13% to 30% and 
from 5% to 24% of the eggmasses and juveniles, respectively A 
total of 24 and 16 isolates collected from eggmasses and juveniles, 
respectively, were selected for further characterization. Fifteen of 
the isolates were considered as eggmass of pathogens, as they 
were able to infect healthy assay eggmasses and could be 
successfully reisolated. These fungi included species of l-'usanum. 
Alternaria and Verticillnim psaUioia. Six of the eggmass 
parisitizing fungi could not be identified. Nine fungal isolates 
were found to pathogenic to juveniles of M. hapla, six were 
identified as Monucrosporium sp. two as Arthrobolrys sp. and one 
as Hirsutella rhossiliensis. The remaining 16 fungal isolates were 
unable to infect egg masses as juveniles and thus were considered 
non-parasitic on A/, hapla. 
Neher (1999), point out that the interpretation of nematode 
community indices requires a reference to a relatively undisturbed 
community. Maturity and tropic diversity index values were 
compared for five pairs of certified organically and conventionally 
managed soils in the piedmont region of North Carolina, Available 
nitrogen (nitrate, ammonium) was estimated at various lag periods 
relative to time of sampling for nematode communities to 
determine the strength of correlative relationship between 
nematode communities and nitrogen availability. Soils were 
sampled six times yearly is 1993 and 1994 to determine the best 
time of year to sample. Maturity values for plant parasites were 
greater in organically, than conventionally managed soils and 
difference between management systems were greater in fall than 
in spring months. However, other maturity and diversity indices 
did not differ between the two management practices. Differences 
in crop species grown in the two svstems accounted for most 
differences observed in the community of plant parasitic 
nematodes. Indices of free-living nematodes were correlated 
negatively with concentrations of ammonium, where as indices of 
plant parasitic nematodes were correlated positively with 
concentration of nitrate. Due to the similarity of index values 
between the two systems organically managed soils are not 
suitable references site for monitoring and assessing the biological 
aspects of soils quality for annually harvested crops 
Woodward and Gray (1999) studied the population dynamics 
of Aphelenchoides ritzemabosi and Ditylenchus dipsaci in two 
alfalfa fields of Wyoming. Symptomatic stem- bud tissue and root-
zone soil from alfalfa plants exhibiting symptoms of D. dipsaci 
infection were collected at intervals of 3 to 4 weeks. Both 
nematodes were extracted from stem tissue with the Baermann 
funnel method and from soil with the sieving and Baermann funnel 
method. Soil moisture and soil temperature at 5cm accounted for 
64.8% and 6 1 % respectively of the variability in numbers of both 
nematodes in the soil at the BigHorn field. At the Big Horn filed. 
A. riizemabosi was found in soil on only three of the 14 collection 
dates, w^here as D. dipsaci was found in soil on 12 dates. A. 
ritzemabosi was found on 9 at the 14 sampling dates where as I). 
dipsaci was found on all dates. Population of both nematodes in 
stem tissue peaked in October and soil population of both peaked 
in January when soil moisture was greatest. Numbers of Z). dipsaci 
in stem tissue was related to mean air temperatures 3 weeks prior 
to tissue collection, while none of the climatic factors measured 
were associated with numbers of A. ritzemabosi. At the Dayton 
field, soil moisture plus soil temperature at 5cm accounted for 
98.2% and 91.4% of the variability in the soil populations of A. 
ritzemabosi and D. dipsaci, respectively. Aphelenchoides 
ritzemabosi were extracted from soil at two of the five collection 
dates, compared to extraction of D. dipsaci at that dates A. 
ritzemabosi was collected from tissue at six of the seven sampling 
dates while D. dipsaci was found at all sampling dates. The only 
environmental factor that was associated with an increase in the 
numbers of both nematodes in alfalfa stem tissue was total 
precipitation 1 week prior to sampling and this occurred only at 
the Dayton field. Numbers of -4. ritzemabosi in stem appeared to 
be not affected by any of the environmental factors studied, while 
numbers of A.ritzemabosi in stem tissue appeared to be not 
affected by any of the environmental factors studied, while 
numbers of D.dipsaci in stem tissue were associated with 
cumulative monthly precipitation, snow cover at time of sampling. 
and the mean weekly temperature 3 weeks prior to sampling 
Harvesting alfalfa reduced the numbers of A. ritzemabosi at the 
Big Horn field and both nematodes at the Dayton field. 
Siddiqui and Saxena (1991), integrated soil solarization with 
oil cakes or nematode. The oil cakes used were neem, castoi and 
mustard, while nematicides were Carbofuran and Aldicarb Highest 
reduction in nematode population was obtained in solarized soil 
together with treatment of soil with oil cakes and nematicides As 
a consequence of the reduction of nematodes there was an increase 
in growth of plants in solarized soil with treatment of oil cakes 
and nematicides. However, more of the treatments were effective 
in eliminating the nematode population. 
Nombela et al. (1993), studied the population dynamics of 
the nematode fauna in cultivated alluvial soils in the Spanish 
central region throughout the year and related to the development 
of the crop. The vertical distribution of nematodes in this soil type 
was related to the clay content in deep horizons, which affects the 
moisture characteristics in different levels. Both spatial and 
temporal changes were observed in the majority of nematode 
groups, which correlated with the moisture content and host plants 
present. 
Neher et al.. (1996) pointed out that the regional assessment 
of nematode communities to monitor the condition or ecological 
health of agricultural soils requires sampling program with 
measures of known reliability and the ability to detect differences 
overtime. Numbers of field sampled in a region, samples taken per 
field, and sub samples assayed per sample must be balanced with 
cost to provide the best sampling scheme. They used components 
of variance from statewide surveys in North Carolina (1992) and 
Nebraska (1993) to estimate number of (i) fields to be sampled (ii) 
20-core, composite soil samples to be obtained for each field, and 
(iii) subsamples to be assayed for each composite sample to detect 
a specific amount of change in the index values within a 
geographic region. Variances for these three components were 
used to estimate degree of reliability for five ecologically based 
indices (four measures of maturity and one of diversity' ol' 
nematode communities). Total variance for maturity and diversit\ 
indices, based upon communities of free-living nematodes, was 
greater in North Carolina than in Nebraska; the opposite was true 
for indices based strictly upon maturity of communities of plant 
parasitic nematodes or of all nematodes in soil. Variability within 
sample was greater in North Carolina than in Nebraska, the 
opposite was true for indices based strictly upon maturity of 
communities of plant parasitic nematodes or of all nematodes in 
soil. Variability with in samples was greater in North Carolina 
than in Nebraska, especially for maturity indices based only upon 
free-living nematodes. Two possible sampling strategies were 
identified for a regional survey. Option 1, with two independent 
samples per field and a single sub sample, assayed per sample. 
which would provide a reliability ratio value: >0.6 for most 
indices and option 2, with there independent samples per field and 
two sub samples assayed per reliability ratio value >0.7 for several 
indices. When cost was considered, option 1 was the better 
strategy. Number of field to be sampled within a region or state 
varied with the index chosen with specific indices, however, a 
10% change in mean index value could be detected with a sample 
50-100 fields. 
Koenning et al. (1996), evaluated the effects of soil type and 
initial inoculum density (Pi) on the reproductive and damage 
potentials of M. incognita and R. reniformis on cotton in micro 
plot experiments from 1991 to 1993. The equilibrium of nematode 
population density for R. reniformis on cotton was much greater 
than that of M. incognita. Reproduction of M. incognita was 
greater in coarse textured soils than in fine textured soil, whereas 
R. reniformis reproduction was greatest in Portsmouth loamy sand 
with intermediate percentage of clay plus silt. Population densities 
of M incognita were inversely related to the percentage of silt and 
clay but R. reniformis was favoured by moderate levels of cla\' 
plus slit (Ca 28%). Both M. incognita races 3 and 4 and R. 
reniformis effected suppression of seed-cotton yield in all soil 
types evaluated. Cotton-yield suppression was greatest in response 
to R. reniformis at high Pi cotton maturity, measured as percentage 
of open bolls at different dates, was affected by the presence of 
nematodes in all 3 days although to a lesser degree than the 
ectoparasitic nematodes. Population densities of the three 
nematode species were significantly lower in the drier years of 
1985 and 1986 than in 1984. Nematode populations were greater al 
the lower soil depths in the falls than in the spring or summer 
Ismail et al. (1997), performed an experiment on soil 
solarization with 80 or 160|im, transparent or black polyethylene 
sheets with 75 and 100% soil covered during June, July and 
August. Under 6 year old Washington Navel orange {('iirus 
sinsesis), significantly reduced soil and root populations of 
Tylenchiilus semipenetrans by 9.3-95.8% compared to non 
mulched soil surface. Soil solarization, either with transparent or 
black sheets subsequently increased soil temperature, soil 
moisture, heat stored and significantly reduced nematode 
infestations. Root, vegetative growth and yield parameters were 
significantly less in non mulched treatments whereas mulched 
treatments increased number and length of absorbing roots, 
amount of growing roots, root growth activity index, number, fruit 
weight and yield. Quality of fruit Juice also improved in the soil 
mulched treatments. 
Griffin and Jensen (1997) studied the effects of temperatures 
on the host-parasite relationships for three legume species and 
four populations of root-knot nematodes from the Western United 
States. The nematode populations were M. hapla from California 
(MHCA). Utah (MHUT) and Wyoming (MHWY) and a population 
of M. chiJwoodi from Utah (MCUT). The legumes were milkvetch 
{Astragalus cicer) alfalfa (Medicago saliva) and yellow s\\eet 
clover (Melilotus officinalis). All milkvetch plants survived 
inoculation with all nematode populations while alfalfa and yellow 
sweet clover were more susceptible. On yellow sweet clover 
MHCA was most pathogenic at 30°C based on suppression of shoot 
growth while MHUT, MHWY and MCUT were most pathogenic at 
25 C. All nematode population suppressed growth of yellow sweet 
clover more than growth of milkvetch and alfalfa fhe 
reproductive factor (Rf) [(Rf) = final nematode population (Pi) / 
initial nematode population (Pi)] of MHCA was positively 
correlated (r=0.83) with temperature between 15°C and 30Y The 
greatest Rf occurred on alfalfa inoculated with MHCA at 3 0' C The 
Rf of MHUT, MHWY and MCUT were positively correlated ( i -
0.76, r=0.78, and r=0.73, respectively.) with temperature between 
15°C and 25°C. The Rf values of MHUT and MHWY were similar 
on all species and exceeded the Rf of MCUT at all temperatures 
(P<0.05). 
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MATERIALS AND METHODS 
Soil Moisture 
The experimental aspect of the research curriculum follows 
a set pattern, which was carried out, with immense care and 
accuracy. Different procedures were incorporated and integrated 
together to establish and terminate the experiments. A general 
layout plan is as follows. 
The clay pots (15cm diameter) were filled wiih 1kg 
autoclaved soil. These pots were amended with oil seed cakes of 
neem and castor @ 25g/pot alone, chopped leaves of neem and 
castor alone @50g/pot. Different combinations of treatment were 
made viz., neem cake alone, neem cake + Carbofuran, neem cake 
+ Phorate, neem leaf alone, neem leaf + Carbofuran, neem leaf 
+Phorate, castor cake alone, castor cake + Carbofuran. castor 
cake + Phorate, castor leaf alone, castor leaf + Carbofuran, 
castor leaf + Phorate. The dose of Carbofuran 3%Gr (Diafuran 
3G or Furadan 3G - 2,3-dihydro-2, 2-dimethyl benzofuran-7-y 1 
methyle) and Phorate 10%Gr (foratox-lOG - 0-0-dimeth\ i 
thiomethyl phosphorodithioate) were O.lg a.i./pot respective]} 
The untreated pots served as control. 
Three week old seedlings of eggplant, Solanum mehnv^eua 
L. (family Solanaceae) were transplanted after a waiting period 
of two weeks. The plants were inoculated with 5000 freshly 
isolated specimens of the reniform nematode, Rotylent hulu.s 
reniformis Linford and Oliveira. 
After one month of transplantation the plants were 
uprooted, washed and the plant growth (weight of root and shoot 
in terms of grams) was determined. The final population of R 
renifurmis was determined by Cobb's sieving and decanting 
method along with modified Baermann funnel technique 
(Southey 1986). The reproduction factor (Rf) of reniform 
nematode was calculated by dividing the final population with 
the initial population (Pf/Pj) as suggested by Oostenbrink 
(1966). 
The soil moisture expressed as percentage of water in the 
soil has been estimated below: 
Weight of moisture of soil at room temperature - Xg 
Weight of dry soil - Yg 
Difference of weight - X-Y = Zg 
The moisture percentage Z xlOO 
X 
The soil moisture was adjusted at 6,12 and 18% moisture 
levels by adding known amount of water to the soil These 
moisture levels were maintained throughout the experiment 
There were three replicates of each treatment. 
Soil So lar i za t ion 
A field naturally infested with high population of plant 
parasitic nematodes viz. Meloidogyne incogfiita (Kofoid and 
White). Chitwood (endoparasitic), Rufylenchulus renifornus 
Linford and Oliveira (semiendoparasitic) and Tylenchorhynchus 
brassicae Siddiqi (ectoparasitic) was selected. 
The soil samples were collected in large size polyethylene 
bags and brought to the laboratory. The earthen pots of 15-
centimeter diameter were filled with one kilogram naturally 
infested soil. The pots were covered with polyethylene sheets of 
different thickness viz. 60,68.74,92.130 andl35 | im. The pots not 
covered with polyethylene sheets served as control. Half the 
number of pots in each of the above treatments was given 
irrigation as and when required. There were three replicates for 
each treatment. 
The soil temperature at mid day was determined daily by 
inserting a thermometer in side the soil. 
The nematode population before and after the observation 
was determined by Cobb's sieving and decanting method along 
with modified Baermann funnel technique (Southey, 1986). 

RESULTS 
1. Effect of soil moisture on the efficacy of oil seed cakes and 
leaves of Neem in combination with some chemicals against 
the population of reniform nematode, Rotylenchulus 
reniformis and plant growth of eggplant cv. 'Pusa Purple 
Long'. 
The population of the reniform nematode, Rotylenchulus 
reniformis on eggplant was reduced in soil amended with 
different combinations of oil seed cakes and leaves of neem. 
castor and two chemicals viz., Carbofuran and Phorate at 6%. 
12%, and 18% soil moisture. Highest reduction in nematode 
population was observed in pots treated with Neem cake and 
Carbofuran w i th l8% soil moisture. Pots treated with Neem cake 
and Carbofuran with 12% and 6% soil moisture respectively 
followed it. There was also an increase in plant growth due to 
these treatments (Tables 1 and 2, Fig. 1-4). 
When the soil moisture was maintained at 6% the 
population of the reniform nematode, Rotylenchulus reniformis 
in untreated pots and those treated with Neem cake alone, Neem 
cake + Carbofuran, Neem cake + Phorate, Neem leaves alone, 
Neem leaves + Carbofuran and Neem leaves + Phorate were 
4620, 3353, 2358, 1912, 3196, 3095 and 1890 respectively. The 
corresponding figures for the reproduction factor (Rj) were 0 92, 
0.67, 0.47, 0.38, 0.63, 0.61 and 0.37 respectively (Table-1, 
Fig-1). 
When the soil moisture was maintained at 12% the 
population of the reniform nematode, Rotylenchulus reniformis 
in untreated pots and those treated with Neem cake alone, Neem 
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cake -^  Carbofuran, Neem cake + Phorate, Neem leaves alone, 
Neem leaves + Carbofuran and Neem leaves + Phorate were 
4620, 2230, 2196, 1480, 2934, 2883 and 1820 respectively. The 
corresponding figure for the reproduction factor (Rf) were 0 92, 
0.46,0.43, 0.29, 0.58, 0.57 and 0.36 respectively (Table-1 , 
Fig-1). 
When the soil moisture was maintained at 18% the 
population of the reniform nematode, Rotylenchulus reniformis, 
in untreated pots and those treated with Neem cake alone, Neem 
cake + Carbofuran, Neem cake + Phorate, Neem leaves alone, 
Neem leaves + Carbofuran and Neem leaves + Phorate were 
4620, 2248, 1905, 1430, 2410, 2100 and 1800 respectively. The 
corresponding figure for the reproduction factor (Rf) were 0.92. 
0.44, 0.38, 0.28, 0.48, 0.42 and 0.36 respectively. (Table-1, 
Fig-1). 
The total plant weight in 6% soil moisture maintained pots 
were 30.00, 42.40, 44.10, 28.15, 30.10 and 31.80g respectively 
when the pots were treated with Neem cake alone, Neem cake ^ 
Carbofuran, Neem cake + Phorate, Neem leaves alone, Neem 
leaves + Carbofuran and Neem leaves + Phorate and inoculated 
with 5000 specimen of R. reniformis as against 43.30g in 
untreated inoculated pots and 48.20g in untreated uninoculated 
controls (Table-1, Fig-2). 
The total weight of plants at 12% soil moisture maintained 
pots were 28.80, 41.00, 44.00, 29.40, 36.15 and 35.00g 
respectively when the pots were treated with Neem cake alone, 
Neem cake + Carbofuran, Neem cake + Phorate, Neem leaves 
alone, Neem leaves + Carbofuran, Neem leaves + Phorate as 
against 43.30g in untreated inoculated pots and 48 20g in 
untreated uninoculated controls (Table- 1, Fig-2). 
The total weight of plants at 18% soil moisture maintained 
pots were observed to be 30.10, 48.10, 50.75, 29.80, 41.60, and 
44.65g respectively as against43.30g in untreated inoculated and 
48.20g in untreated uninoculated controls (Table-1, Fig- 2). 
II. Effect of soil moisture on the efficacy of oil seed cakes 
and leaves of Castor in combination with some chemicals 
against the population of reniform nematode, Rotylenchulus 
reniformis and plant growth of eggplant cv. 'Pusa Purple 
Long*. 
When the soil moisture was maintained at 6% the 
population of the reniform nematode, Rotylenchulus reniformis 
in untreated pots and those treated with Castor cake alone. 
Castor cake + Carbofuran, Castor cake + Phorate, Castor leaves 
alone. Castor leaves + Carbofuran, Castor leaves + Phorate were 
4240, 3450, 2260, 1800, 3295, 3115 and 1890 respectively. The 
corresponding figures for the reproduction factor (Rf) were 0.84. 
0.69, 0.45, 0.36, 0.65, 0.62, and 0.37 respectively (Table-2. 
Fig-3). 
When the soil moisture was maintained at 12% the 
population of the reniform nematode, Rotylenchulus reniformis 
in untreated pots and those treated with Castor cake alone, 
Castor cake + Carbofuran, Castor cake + Phorate, Castor leaves 
alone. Castor leaves + Carbofuran, Castor leaves + Phorate were 
4240, 2480, 2100, 1650, 3120, 2900 and 1850 respectively. The 
corresponding figure for the reproduction factor (Rf) were 0.S4, 
0.49, 0.42, 0.33, 0.62, 0.58 and 0.37 respectively (Table-2. 
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When the soil moisture was maintained at 18% the 
population of the leniform nematode, Rotylenchulus renijormis 
in untreated pots and those treated with Castor cake alone, 
Castor cake + Carbofuran, Castor cake + Phorate, Castor leaves 
alone. Castor leaves + Carbofuran, castor leaves + Phorate were 
4240, 2350, 2030, 1600, 2510, 2120 and 1810 respectively The 
corresponding figure for the reproduction factor (Rf) were 0.84, 
0.47, 0.40, 0.32, 0.50, 0.42, and 0.36 respectively (Table-2, 
Fig- 3). 
The total plant weight in 6% soil moisture maintained pots 
were 33.00, 45.30, 47.60, 31.15, 33.10 and 34.75g respectively 
when the pots were treated with Castor cake alone. Castor cake 
+ Carbofuran, Castor cake + Phorate Castor leaves alone, Castor 
leave + Carbofuran, Castor leaves + Phorate and inoculated with 
5000 specimens of R. reniformis as against 46.30g in untreated 
inoculated pots and 51.10g in untreated uninoculated controls 
(Table- 2, Fig- 4). 
The total weight of plants of 12% soil moisture maintained 
pots were 31.00. 43.20, 47.10, 32.50, 39.15 and 38.00g 
respectively when the pots were treated with Castor cake alone. 
Castor cake + Carbofuran, Castor cake + Phorate, Castor leaves 
alone. Castor leaves + Carbofuran, Castor leaves + Phorate as 
against 46.30g in untreated inoculated and 51.10g in untreated 
uninoculated controls (Table- 2, Fig- 4). 
The total weight of plants at 18% soil moisture maintained 
pots were observed to be 33.20, 51.00, 53.75, 32.80, 43.60 and 
47.65g respectively as against 46.30g in untreated inoculated 
and 5I.10g in untreated uninoculated controls (Table-2, Fig- 4) 
i n . Effect of soil solarization on watered and unwatered soil 
covered with polyethylene sheets of different thickness on the 
population of plant parasitic nematodes. 
Results presented in table-3,fig.-5 clearly show that soil 
solarization has considerably reduced the population of plant 
parasitic nematodes. Highest reduction in nematode population 
was observed when the thickness was 60|im. However, the effect 
was reduced as the thickness of polyethylene sheet increased 
Watered soil together with polyethylene sheets during 
solarization had a better effect on the reduction of nematode 
population than the unwatered soil covered with polyethylene 
sheets of different thickness. When the pots were covered with 
60pm thick polyethylene sheets and irrigated with water, the 
nematode population was 330. The nematode population was 430 
when the irrigated pots were covered with 68pm polyethylene 
sheets. The nematode population was 670 in irrigated pots 
covered with 74pm thick polyethylene sheets. 
The nematode population was observed 790 when the 
irrigated pots were covered with 92pm thick polyethylene sheet. 
In irrigated pots covered with 130pm thick polyethylene sheets 
the nematode population was 810. In irrigated pots covered with 
135pm thick polyethylene sheet the nematode population was 
850 as against 920 in uncovered and irrigated pots. 
The soil temperature was 61,58,55,53,50.50 and 48,50"C 
respectively, when the pots were irrigated and covered with 
60,68,74,92,130 and 135pm thick polyethylene sheets. In 
irrigated and uncovered pots the soil temperature was 42°C. 
A similar trend in the population of nematode reduction 
was observed in unwatered pots, covered with polyethylene 
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sheet of different thickness, however, more nematode reduction 
was observed in the watered counterpart. 
The soil temperature was observed to be 59,56,55, 51.50, 
48.50 and 46.50°C respectively, when the pots were unwatered 
and covered with 60,68,74,92,130 and 135nm thick polyethylene 
sheets. In unwatered and uncovered pots the soil temperature 
was 37°C. 
When the pots were kept unwatered and covered with 60|im 
thick polyethylene sheet the nematode population was 400. The 
nematode population was 510 when the unwatered pots were 
covered with 68|im polyethylene sheets. The nematode 
population was 730 in unwatered pots covered with 74^m thick 
polyethylene sheets. The nematode population was 890 in 
unwatered pots covered with 92|im thick polyethylene sheet 
The nematode population was 950 when the unwatered pots 
were covered with HO^m thick polyethylene sheet. In unwatered 
pots covered with 135^m thick polyethylene sheet the nematode 
population was 890 as against 1050 in unwatered and uncovered 
pots. The initial nematode population was 2100. 

>,v>\' 
DISCUSSION !: 7 
0 5 - J 2 W7 
Soil moisture 
<''-. 
The population of the reniform nematode Rotylenchulus 
reniformis around the root of eggplant was reduced in soil 
amended with different combinations of oil seed cakes and 
leaves of neem, castor and two chemicals viz., Carbofuran and 
Phorate at different soil moistures maintained at 6,12 and 18% 
Highest reduction in the nematode population was 
observed in pots maintained at 18% soil moisture and treated 
with oil seed cakes of neem and castor alone and along with 
Carbofuran and Phorate. It was followed by 12%) & 6%o soil 
moisture in pots treated with different combinations of oil seed 
cakes of neem and castor and two chemicals viz. Carbofuran and 
Phorate. 
Highest reduction in nematode population at 18% soil 
moisture can be due to the fact that nematodes depend upon 
higher internal hydrostatic pressures for normal movement As 
the soil moisture reduces, the soil dries consequently the 
concentration of solute in soil solution increases and the 
nematodes are subjected to increased stress (Dropkin, 1980) 
This possibili ty cannot be ruled out in the present investigation 
In the pots treated with oil seed cakes and leaves of neem 
and castor, there is a possibility of an increase in the predacious 
and parasit ic activity of soil biota against the reniform 
nematode. 
The plants grown in pots treated with oil seed cakes and 
leaves of neem and castor showed significant improvement in 
plant growth. This may be due to the reduction in the nematode 
populat ion and partly to the fact that these treatments also 
served as organic manures. 
The oil seed cakes also influence the physical and 
chemical properties of soil (Ahmad et al. 1972), which render 
the soil atmosphere unfavourable for nematode activity. 
VanderLaan (1956) suggested that the plant host become 
unfavourable for nematode development due to some possible 
physiological changes that may occur owing to the presence of 
organic amendment. In case of oil seed cakes this was proved by 
Alam et al. (1980). Siddiqui and Alam (2001) noted increased 
resistance in plants grown in soil amended with oil seed cakes. 
It was suggested that the induction of resistance in plants might 
be due to increased levels of phenols in host roots. 
Two nematicides viz., Carbofuran and Phorate were also 
induced in the present study for comparing the efficacy of oil 
seed cakes. It was observed that the tested oil seed cakes were in 
no way inferior to these nematicides, though latter had slight 
edge over the former. 
Soil Solarization 
Soil solarization with different thickness of polyethylene 
sheets was very effective in reducing the nematode population in 
the soil . This could be due to the fact that soil covered with 
polyethylene sheets reduced the heat convection and water 
evaporat ion from the soil to the atmosphere, which results in the 
formulation of water droplets on the inner surface of the 
polyethylene sheets, its transmitivity to long wave radiation is 
highly reduced resulting in better heating of the soil (Grinstem 
et al. 1979, Katan 198 1, Abdel-Rahim et al. 1988, Gaui and 
Perry 1991, Kamra and Gaur 1995). 
Water solarized sets increased the thermal sensitiveness 
and transmission of heat to deeper layers which results in 
reduction of most of the plant parasitic nematodes as compared 
to unwatered solarized soil. 
Heating the dry soil was, therefore, less effective in 
reducing the nematode population. It would be due to high 
temperature together with the heat of evaporating water 
(Siddiqui and Saxena 1992, Siddiqui et al. 1997). 
Solarization also increases the temperature appreciably. 
The thinnest polyethylene sheet increased the temperature more 
and was better in heating, radiation and transmittance than the 
thicker one. The possibili ty of the accompanying process such as 
change in physical, chemical and biological properties of the 
soil during soil solarization (Stapleton, 1991), adversely affects 
the nematodes and it cannot be ruled out (Heald and Robinson 
1987, Stapleton and Devay 1986, Stapleton et al. 1991). 

SUMMARY 
The soil solarization with different thickness of 
polyethylene sheets was found very effective in reducing the 
population of plant parasitic nematodes in soil. Highest 
reduction in nematode population was observed when the 
thickness of sheet was 60nm. However, the effect was reduced 
as the thickness of polyethylene sheet increased. Watered soil. 
together with polyethylene sheets, during the soil solarization 
had a better effect on the reduction of nematode population than 
the unwatered soil. 
The soil temperature in unwatered and watered soil 
covered with 60|j,m polyethylene sheet was also found highly 
increased i.e. 61°C and 50°C. The temperature decreased with 
increase in the thickness of sheet and it was least when 
thickness of sheet was 135^m (48.50°C in watered and 46.50'^C 
in unwatered soil). 
In another experiment the population of the reniform 
nematode, Rotylenchulus reniformis, around the roots of 
eggplant was reduced in soil treated with different combination 
of oil seed cakes and leaves of neem, castor and two chemicals 
viz., Carbofuran and Phorate at 6%, 12% and 18% soil moisture 
Highest reduction in nematode population was observed at 
18% soil moisture in pots treated with neem cake combined with 
Carbofuran. As a consequence of the reduction in nematode 
population the plant growth was improved. 

CONCLUSION 
There has been a growing recognition that pesticides must 
be used cautiously to avoid damage to the environment. The 
present investigations are also directed to achieve this goal. 
After undergoing the experimental aspects of the research 
curriculum it could be concluded that some of the edaphic 
factors like soil moisture and soil temperature play extremely 
vital role in keeping the nematode population under check and 
manageable proportions. 
The experiment of soil solarization with different 
thickness of polyethylene sheets and the efficacy of soil 
moisture with oil seed cakes and leaves of neem and castor 
together with chemicals were successfully conducted to 
minimize the population of plant parasitic nematodes under 
Aligarh conditions. Soil moisture along with organic amendment 
and nematicides depicts significant importance in the 
suppression of plant parasitic nematodes. These studies would 
go a long way to help the much needed and sought about 
pollution free and clean environment. 

REFERENCES 
Abdel-Rahim, M.F., M.M. Satour, K.K. Mickail, S.A. El-Eraksi, 
F.A. Grinstein, Y. Chen and J. Katan (1988). Effectiveness 
of soil solarization in furrow irrigated Egyptian soils. Plant 
Disease 72: 143-146. 
Abrams, B.I. and M.J. Mitchell (1978). Role of oxygen in 
effecting survival and activity of Pelodera punctata 
(Rhabditidae) from sewage sludge. Nematologica 24: 456-
462. 
Ahmad, R., A.M. Khan and S.K. Saxena (1972). Changes resulting 
from amending the soil with oilcakes and analysis of 
oilcakes (Abstr.). Proc. 59' Sess. Indian Sci. Cong. Part II, 
164pp. 
Alam, M.M., M. Ahmad and A.M. Khan (1980). Effect of organic 
amendments on the growth and chemical composition of 
tomato, eggplants and chilly and their susceptibility to 
attack by Meloidogyne incognita. Plant and Soil 57: 231-
236. 
Adam, P.B. (1971). Effects of soil temperatures and soil 
amendments on, Thielaviopsis root rot of sesame 
Phytopathology 6 1 : 693-697. 
Banyer, R.J. and J.M. Fisher (1976). Effect of host and 
environment on some aspects of the biology of Heterodera 
avenae. Nematologica 22: 298-305. 
Bhatti, D.S. and R.K. Jain (1977). Estimation of loss in okra, 
tomato and brinjal yield due to Meloidogyne incognita. 
Indian J. Nematol. 7: 37-41. 
Bird, A.F. (1960). Additional notes on the attractiveness of roots 
to plant parasitic nematodes. Nematologica 5: 217. 
Burns, N.C. (1971). Soil p" effects on nematode populations 
associated with soybeans. J. Nematol. 3: 238. 
Chiarappa, L. (1971). Crop loss assessment methods. FAO manual 
on the evaluation and prevention of losses by pests, diseases 
and weeds. Commonwealth Agricultural Bureau, Farnham, 
England. 
'o • 
Clarke, A.J., R.N. Perry and J. Hennessy (1978). Osmotic stress 
and the hatching of Globodera rostochiensis. Nematologica 
24: 284-392. 
Das, B.K., J. Sarkar, S. Sarkar, N.K. Das, I. Ray and S.K Sen 
(1990). Correlation between some edaphic factors and 
Meloidogyne incognita infestation of mulberry in Malda, 
West Bengal. Indian J. Nematol. 20: 91-94. 
Daulton. R.A. and C.J. Nusbaum (1962). The effect of soil 
moisture and relative humidity on the root-knot nematode 
Meloidogyne javanica. Nematologica 8:157-168. 
Dropkin. V.H. (1980). Introduction to plant nematology. 
Johnwiley and sons (Publishers), New York, Toronto, 293pp. 
Duncan, L.W., C.W. McCoy and A.C. Terranova (1996). 
Estimating sample size and persistence of Entomogenous 
nematodes in sandy soils and their efficacy against the 
larvae of Diaprepes abbreviatus in Florida. J. Nematol. 28: 
56-57. 
Dwivedi. B.K., S.K. Malhotra and S.L. Misra. (1993). Correlation 
of soil moisture and pH to the population dynamics of 
Tylenchus filiformis around root zone of Zizyphus jujuba at 
Allahabad. Indian Journal of Agricultural Research 27: 
81-86. 
Fagbenle, H.H., D.I. Edwards and R.B. Malek (1989). Effects of 
temperature on pathogenicity and population development of 
two isolates of Heterodera lespedezae. J. Nematol. 21 : 
173-178. 
Feldmesser, J., D.I. Edwards, J.M. Epps, C M . Heald, W.R 
Jenkins, H.J. Hensen, B. Lear, C.W. McBeth, E.L. Nigh and 
V.G. Perry (1971). Estimated croplosses due to plant 
parasitic nematodes in the United States. Suppl. J. Nematol. 
Special No. I, Rept. Soc. Nematologists Committee on crop 
losses, 1970. 
Gaur, H.S. (1973). Studies on crop damage and population density 
with particular reference to Meloidogyne sp. and 
Pratylenchus sp. M. Sc. Thesis, I.A.R.I., New Delhi. 154 pp 
Gaur, H.S. and M. Seghal (1990). Effect of rate of drying of soil 
on the survival, infectivity and development of the root-knot 
nematode, Meloidogyne incognita. Indian J. Nematol. 20: 
84-90. 
Gaur, H.S. and R.N. Perry (1991). The use of soil solarization for 
control of plant parasitic nematodes. Nematol. Abstr. 60: 
153-167. 
Good, J.M. (1968). Assessment of crop losses caused by 
nematodes in the United States. F.A.O. PI. Protect. Bull. 
16:37-40. 
Goodell, P.B. and H.Ferris (1989). Influence of environmental 
factors on the hatch and survival of Meloidogyne incognita. 
J. Nematol. 2 1 : 328-334. 
Griffin, G.D. and K.B. Jensen (1997). Importance of temperature 
in the pathology of Meloidogyne hapla and M. chitwoodii on 
legumes. J. Xematol. 29:112-116. 
Griffin, G.D., K.H. Asay and W.H. Horton (1996). Factors 
affecting population trends of plant-parasitic nematodes on 
Rageland grasses. J. Nematol. 28: 107-114. 
Grinstein, A., D. Orions, A. Greenberger and J. Katan (1979). 
Solar heating of the soil for the control of Verticillium 
dahliae and Pratylenchus thronei in potatoes. In- 'Soil Borne 
Plant Pathology'. (Eds. -B. Schippers and W. Grams) 
Academic Press. London, pp. 431-438. 
Grooshevoy, S.E. (1939). Disinfection of seed bed soil in cold 
frames by solar energy. Rev. Appl. Mycol. 18: 635-636 
(Abstr.) 
Handa, D.K., R.L. Mathur, B.N. Mathur and B.D. Yadav (1985) 
Estimation of losses in barley due to cereal cyst nematode in 
sandy and sandy loam soils. Indian J. Nematol. 15: 103-166. 
Heald, C M . and A.E. Rob inson (1987). Effects of soil solarization 
on Rotylenchulus reniformis in the lower Rio Grande Valley 
of Texas. J. Nematol. 19: 93-103. 
Hill, N.S. and D.P. Schmitt (1989). Influence of temperature and 
soybean phenology on dormancy induction of Heterodera 
glycines. J. Nematol. 21 : 361-369. 
Hoof, V.A.H. (1976). The effect of soil moisture content on the 
activity of Trichodorid nematodes. Nematologica 22: 
260-264. 
Ismail, W. and S.K. Saxena (1977). Effect of different levels of 
potassium on the growth of root-knot nematode 
Nematologica. 23: 263-264. 
Ismail, A.E., M.H. Ghali, F.G. Nakhla, and H.Z. Aboul-Eid 
(1997) Pak .J. Nematol.15 (1 and 2): 71-87. 
Jaehn, A. (1993). Effect of temperature on the development of 
Meloidogyne incognita race-2 in velvet bean. Nematologica 
Brasileira 17: 57-65. 
Jones, F.G.W. (1978). Accumulated temperature and rain fall as 
measures of nematode development and activity 
Nematologica 21 : 62-70. 
Jones, F.G.W. and A.J. Thomasson (1976). Bulk density, as an 
indicator of pore space in soils usable by nematodes 
Nematologica. 11: 133-137. 
Jordan, E.M., D.D. Waele and V.P.J. Rooyen (1989) 
Endoparasitic nematodes in maize roots in western transvaal 
as related to soil texture and rainfall. J. Nematol. 21: 
256-360. 
Kamra, A. and H.S. Gaur (1995). Control of plant parasitic 
nematodes by solarization of soil in polyethylene bag. Ann. 
PI. Protec. Sc. 3 : 90-92. 
Katan, J. (1981). Solar heating (Solarization) of soil for control of 
soil borne pests. Ann. Rev. Phythopathol. 19. 21 1-236. 
Katan, J., A. Greenberger, H. Alon, and A. Grinstein, (1975). 
Increasing soil temperatures by mulching for the control of 
soil borne diseases. Phytoparasitica. 3: 69-70. (Abstr.). 
Katan, J., A. Greenberger, A. Grinstein, and H. Alon, (1976). 
Solar heating by polyethylene mulching for the control of 
disease caused by soil borne pathogens. Phytopathology 66. 
683-688. 
Khan A.A. and M.W. Khan (1992). Pathogenesis of Meloidogyne 
javanica on cucumber and okra in saline soils. Indian J. 
Nematol. 22: 101-109. 
Khan, M.L. and G.C. Sharma (1990). Effect of temperature and 
moisture on populating fluctuation of nematodes in an apple 
orchard. Indian J. Nematol. 20: 10-13. 
Koenning, S.R., S.A. Walters and K.R. Barker (1996). Impact of 
soil texture on the reproductive and damage potentials of 
Rotylenchulus reniformis and Meloidogyne incognita on 
cotton. J. Nematol. 28: 527-536. 
Kohnke, H. (1968). Soil Physics. Ix + 224pp. McGraw Hill Book 
Co. New York. 
Krishnappa, K. (1985). Hematology in developing countries, 
India-IMP region VII. In 'An Advanced Treatise on 
Meloidogyne. Vol.1: Biology and control', (Ed.-J.N. Sasser 
and C.C. Carter), North Carolina. Graphics, Raleigh: 
379-398. 
Lai, A. and B.S. Yadav (1975). Effect of leachates from saline 
soils on hatching of eggs of Meloidogyne incognita. Indian 
J. Nematol. 5: 228-229. 
Mankau, R. (1980). Bio control: Fungi as nematode control 
agents. J. Nematol. 12: 244-252. 
Marion, A.F. (1978). Temperature responses of three potato cyst 
nematode populations from New Zealand. Nematologica 24: 
412-417. 
Mizukubo, T. and H. Adachi (1997). Effect of temperature on 
Pratylenchus penetrans development. J. Nematol. 29: 
306-314. 
Morgan, G.T. and A. A. Maclean, (1968). Influence of soil p on 
an introduced population of Pratylenchus penetrans. 
Nematologica 14: 311. 
Naganathan, T.G. and C.V. Sivekumar (1975). Host-parasite 
relationships and influence of soil types on the lesion 
nematode Pratylenchus delattrei. Indian J. Nematol. 5: 
162-169. 
Neher, A.D. (1999). Nematode communities in organically and 
conventionally managed agricultural soils. J. Nematol. 31 : 
142-154. 
Neher, A.D. and C.L. Campbell (1996). Sampling for regional 
monitoring of nematode communities in agricultural soils ./ 
Nematol. 28: 196-208. 
Nombella, G.A.N, and A. Bello (1993). Spatial and temporal 
variation of the nematofauna in representative soils of the 
central region of the Iberian Peninsula. Nematologica 39: 
81-91. 
Norton, D.C. (1989). Abiotic soil factors and plant parasitic 
nematode communities. J. Nematol. 21 : 299-307. 
Ogunfowora, A.O. (1970). Factors effecting emergence, survival 
and infectivity of Meloidogyne naasi. Nematologica 24: 
72-80. 
Ogunfowora, A.O. and A.A.F. Evans (1977). Variation in larval 
population and development of Meloidogyne naasi in field 
soil. Nematologica 23 : 79-88. 
Oostenbrink, M. (1966). Major characteristics of nematodes and 
plants. Meded. Landb. Hogesh. Wageningen. 66: 3-46. 
Peachy, J.E. (1965). Chemical control. In- 'Plant Nemafology' 
(Ed.- J.F. Southey) Tech. Bull. No.7 Mm Agr. Fish Food, 
HMSO, London. 
Pyrowolakis, E. (1977). The influence of soil temperature and host 
plant on generation time of Meloidogyne javanica. 
Nematologica 23: 47-50. 
Ravichandra, N.G. and K. Krishnappa (1985). Effect of various 
treatments, both individually and in integration, in 
controlling the burrowing nematode, Radopholus similis, 
infesting banana. Indian J. Nematol. 15: 62-65. 
Reddy, D.D.R. (1985). Analysis of crop losses in tomato due to 
Meloidogyne incognita. Indian J. Nematol. 15: 55-59. 
Reversat, G. (1977). Influence of some external factors on the rate 
of O2 uptake by second stage juveniles of Heterodera 
oryzae. Nematologica 23: 369-381. 
Robinson, A.F. and C M . Heald (1989). Accelerated movement of 
nematodes from soil in Baermann funnels with temperature 
gradients. J. Nematol. 21 : 370-378. 
Sasser, J.N. (1989). Plaul ParasUic Nematodes. The Farmer's 
Hidden Enemy. Department of Plant Pathology, North 
Carolina State University, Raleigh, 115pp. 
Sayre, R.M. (1971). Biotic influences in soil environment. In-
'Plant Parasitic Nematodes' Vol.1 (Eds.-B.M. Zuckerman. 
W.F. Mai and R.A. Rohde). Acad. Press, New York and 
London: 235-256. 
Sayre, R.M. (1980a). Bio control: Bacillus penetrans and related 
parasites of nematodes. J. Nematol. 12: 260-270. 
Sayre, R.M. (1980b). Promising organisms for bio control of 
nematodes. Plant Disease 64: 526-532. 
Schilt, G.H. and E.Cohn (1975), Pathogenicity and population 
increase of Paratrichodorus minor as influenced by some 
environmental factors. Nemaiologica 21 : 71-80. 
Sehgal, M. and H.S. Gaur (1989). Survival of the citrus nematode, 
Tylenchulus semipenetrans under moisture stress in soil 
without host. Indian J. Nemaiol. 19: 171-176. 
Sen, A.C. (1958). Nematodes attacking vegetable crop Indian J. 
Ent. 20: 311-312. 
Siddiqui, M. A. (1993): Assessment of crop losses caused by 
phytonematodes. In: Integrated pest Management (Eds. -
V.K. Dwivedi, M.M. Alam and G. Pandey). Bioved Research 
Society, Allahabad: 189-204. 
Siddiqui, M.A. and M.M. Alam (1999). Integrated management of 
plant parasitic nematodes with oil cakes, nematicides and 
Ploughing. Pak. J. Nematol. 17: 129-136. 
Siddiqui, M.A. and M.M. Alam (2001). Neem allelopathy and the 
root-knot nematode. In- 'Integrated Pest Management 
Practitioner, U.S.A. 23: 9-11. 
Siddiqui, M.A. and S.K. Saxena (1992). Effect of soil solarization 
together with oil-cakes/nematicides on nematode population 
and plant growth of tomato. Proc. A a^/. Acad. Sci. India, 
62: 123-126. 
Siddiqui, M.A., M.F. Azam and S.K. Saxena (1997). Effect of soil 
solarization integrated with oil cakes and nematicides on 
nematodes attacking eggplant. In- 'Proceeding of National 
Symposium on Frontiers in Plant Science Research' A.U. 
College, Osmania University, Hyderabad, 651-656. 
Smart, G.C. Jr. (1969). Control of nematodes on trufgrass and 
ornamental plants. In- Proc. Symp. Trop. Nematol. 29 Nov-
IDec, 1967, Agr. Exp. Sta. Mayagiiez campus, Univ of 
Puertorico. 68-79. 
Southey, J.F. (1982). Plant Nematology, GD Mm. Agric, Fish 
Food, HMSO, London: 440pp. 
Southey, J.F. (1956). National survey work for cereal root 
eelworm [Heterodera major (O. 'Schmidt) Franklin]. 
Nematologica I: 64-71. 
Southey, J.F. (1986). Laboratory methods to work with plant and 
soil nematodes. Min. Agric. Fish Food, HMSO, London. 202. 
Srivastava, A.N. and C.L. Sethi (1985). Effect of temperature on 
larval emergence on Heterodera zeae. Indian J. Nematol. 15: 
242-243. 
Srivastava, A.S. (1969). Control of Meloidogyne javanica 
attacking brinjal and tomato plants. Labdev. J. Sci. Technol, 
7: 67-69. 
Stapleton, J.J. and J.E. DeVay (1986). Soil solarization. A non-
chemical approach for management of plant pathogens and 
pests. Crop Protection 5: 190-198. 
Stapleton, J.J., J.E. DeVay and B. Lear, (1991). Soil solarization 
and field effects of ammonia based fertilizers and soil 
solarization on pathogen survival, soil fertility and crop 
growth. F.A.O. Plant Production and Protection Paper 
No. 109: 331-342. 
Sydenham, G.M., R. McSorley and R.A. Dunn (1997). Phaseolus 
vulgaris genotypes and on development of Meloidogyne 
species. J. Nematol. 29: 90-103. 
Van Berkum, J.A. and A.R. Seshadri (1970). Some important 
nematode problems in India. 10''' Int. Nemtol. Symp of the 
European Soc. of Nematologists (Italia). 
Van Berkum, J.A. and H. Hoestra (1979). Practical aspects of the 
chemical control of nematodes in soil ln-',S'o// 
Disinfestation' (Ed.-D.Mulder), Elsevier Sci. Pub. 
Amsterdam; 53-54. 
Van Gundy, S.D. and M.V. Mckenry (1977). Action of 
nematicides. In- 'Plant Disease an Advanced Treatise: Vol. 
I. (Eds.- J.G. Horsfall and E.B. Cowling), Acad. Press Inc. 
N.Y., San Francisco, London; 263-283. 
VanderLaan, P.A. (1956). The influence of organic manuring on 
the development of the potato root-eelworm, Heterodera 
rostochiensis. Nematologica: 112-125. 
Vianene M.N. and S.A. George (1998). Fungi parasitic on 
juveniles and eggmasses of Meloidogyne hapla in organic 
soils from New York. Supp. J. Nematol. 30: 632-638. 
Wallace, H.R. (1966). Factors influencing the infectivity of plant 
parasitic nematodes. Proc. Roy. Soc. B. Lond. 164: 592 
Woodward, W.J.L. and F.A. Gray (1999). Seasonal fluctuations of 
soil and tissue populations of Ditylenchus dipsaci and 
Aphelenchoids ritzemabosi in Alfalfa. J. Nematol. 31:27-36 
Wright, D.J. (1981). Nematicides: mode of action and new 
approaches to chemical control. In 'Plant Parasitic 
Nematodes.' Vol. I l l (Eds. - B.M. Zuckerman and R.A. 
Rhode), Acad. Press, N.Y., London etc; 421-449. 
Wallace H.R. (1973), Nematode ecology and plant disease. Printed 
in G.B by Alden and Mowbary Ltd. at the Alden Press, 
Oxford. 
